METHOD OF EVALUATING POSITIONING ACCURACY OF A MAGNETIC HEAD 
TESTER 

DESCRIPTION 

BACKGROUND OF THE INVENTION 
[Para 1] 1 . Field of the Invention 

[Para 2] The present invention relates to a method of evaluating 

positioning accuracy of a magnetic head tester that tests the performance of a 
magnetic head mounted in a magnetic disc apparatus. 

[Para 3] 2. Related Art 

[Para 4] During the manufacturing process of magnetic heads, tests 

that write and read signals onto a magnetic medium using the magnetic heads 
are actually carried out to investigate the performance of the magnetic heads. 

[Para 5] FIG. 1 schematically shows the construction of a magnetic 

head tester. This magnetic head tester includes a magnetic disc driving 
mechanism 1 0 such as a spindle motor, a magnetic medium 1 2 that is 
rotationally driven by the magnetic disc driving mechanism 1 0, and a head 
attaching mechanism 20 that supports a magnetic head 14 that is the tested 
product. The head attaching mechanism 20 is constructed so that the 
magnetic head that is the tested product can be interchanged. The head 
attaching mechanism 20 is supported by a head driving mechanism 22 that 
drives the magnetic head 14 in the radial direction and the head driving 
mechanism 22 is supported by a load/unload mechanism 24 that moves the 
magnetic head 14 towards and away from a surface of the magnetic medium 
12. 
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[Para 6] When a magnetic head is tested using this magnetic head 

tester, the magnetic head 14 that is the product being tested is attached to the 
head attaching mechanism 20, the magnetic head 14 is positioned at a 
predetermined position on the magnetic medium 12 by the head driving 
mechanism 22 and the load/unload mechanism 24, a signal is written on the 
magnetic medium 1 2 by a write control circuit 1 6, and the signal recorded on 
the magnetic medium 12 by the magnetic head 14 is then read using a level 
measuring circuit 1 8. A control unit 25 carries out an operation of driving the 
head driving mechanism 22 to feed the magnetic head 14 in pitch increments 
in the radial direction and detecting the output level of the read signal using 
the level measuring circuit 1 8. 

[Para 7] However, a write head and a read head provided in the 

magnetic head 14 are disposed so as to be slightly offset in the track direction 
(the radial direction of the magnetic medium). The offset amount of the write 
head and the read head depends on the gap between the write head and the 
read head formed on a slider, and differs between individual products due to 
manufacturing fluctuations. Accordingly, the offset amount is measured using 
a magnetic head tester and magnetic heads are rejected when the offset 
amount exceeds a tolerance value (see Patent Document 1 , for example). 

[Para 8] Patent Document 1 

[Para 9] Japanese Laid-Open Patent Publication No. H09-28881 1 . 

SUMMARY OF THE INVENTION 

[Para 10] In a magnetic head tester, there are a variety of test items 
aside from the measurement of the offset amount of a write head and a read 
head. In such tests, there are large changes in the test results if the magnetic 
head 1 4 is displaced by even just a few tens of nm or so. Accordingly, to make 
it possible to accurately test whether a magnetic head is defective, it is 
necessary to correctly position the magnetic head 14 on the magnetic medium 
12. 
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[Para 1 1 ] However, there are a variety of causes of displacements of tPie 

magnetic liead 14, such as damage to the rotating mechanism part, loosening 
of attachment screws, displacements due to adhering dust, spindle vibrations, 
floor vibrations, thermal expansion or contraction of the magnetic medium 
and/or head suspension due to changes in the environmental temperature, 
and insufficient attachment force for the magnetic head attaching part. In 
magnetic head testers, apparatus rigidity has been increased and vibrations 
have been reduced to prevent the magnetic head 14 from becoming displaced 
during tests, but such measures are not sufficient in all cases. 

[Para 1 2] On the other hand, since narrower track widths are being used 
for magnetic media to raise the magnetic recording density, the performance 
of magnetic head testers themselves are being subjected to demands for high 
positioning stability and high reproducibility for the set position. For this 
reason, it has been necessary to confirm that the magnetic head testers 
themselves for testing magnetic heads have the required accuracy and to carry 
out tests using only magnetic head testers with the required accuracy. 

[Para 1 3] Since magnetic head write and read tests are carried out for 
every magnetic head, test operations are actually carried out using a plurality 
of magnetic head testers. Accordingly, to judge whether magnetic heads are 
defective or non-defective and provide non-defective magnetic heads, it is 
important to conduct tests having confirmed that the magnetic head testers 
have the required accuracy. 

[Para 1 4] The present invention makes it possible to correctly evaluate 
the accuracy of a magnetic head, and by doing so provides a method of 
evaluating the positioning accuracy of a magnetic head tester that makes it 
possible to reliably provide non-defective magnetic heads. 

[Para 1 5] To achieve the stated object, a method of evaluating 
positioning accuracy of a magnetic head tester according to the present 
invention tests a performance of a magnetic head by carrying out write and 
read operations on a magnetic medium using a magnetic head that is a tested 
product, and includes steps of: 
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[Para 1 6] acquiring a plurality of GAPS profiles by repeatedly carrying out 
a GAPS test that measures a GAP offset amount for a same magnetic head that 
has been attached to the magnetic head tester; and calculating a GAP offset 
fluctuation amount from the acquired plurality of GAPS profiles and setting a 
calculation result thereof as an index for evaluating a position reproducibility 
for the magnetic head. 

[Para 1 7] Another method of evaluating positioning accuracy of a 
magnetic head tester according to the present invention tests a performance of 
a magnetic head by carrying out write and read operations on a magnetic 
medium using a magnetic head that is a tested product, and includes steps of: 
acquiring a plurality of GAPS profiles by repeatedly carrying out a GAPS test 
that measures a GAP offset amount for a same magnetic head that has been 
attached to the magnetic head tester; and calculating a write core width 
fluctuation amount from the acquired plurality of GAPS profiles and setting a 
calculation result thereof as an index for evaluating a linearity accuracy for the 
magnetic head tester. 

[Para 1 8] Yet another method of evaluating positioning accuracy of a 
magnetic head tester according to the present invention tests a performance of 
a magnetic head by carrying out write and read operations on a magnetic 
medium using a magnetic head that is a tested product, and includes steps of: 
acquiring a GAPS profile by carrying out a GAPS test that measures a GAP 
offset amount for a same magnetic head that has been attached to the 
magnetic head tester; calculating a 50% position sensitivity in a vicinity of a 
position with 50% of a peak value in the acquired GAPS profile, moving the 
magnetic head to a 50% position in the GAPS profile and measuring an output 
level during an arbitrary time period at a moved-to position; calculating a 50% 
position fluctuation amount from a fluctuation amount in the output level and 
the 50% position sensitivity; and setting a calculation result thereof as an index 
of positional stability of the magnetic head. According to this method of 
evaluating, it is possible to correctly grasp how the magnetic head becomes 
displaced over time, so that it is possible to evaluate the positioning accuracy 
of a magnetic head tester more correctly. 



Page 4 of 23 



[Para 1 9] Yet another method of evaluating positioning accuracy of a 
magnetic head tester tests a performance of a magnetic head by carrying out 
write and read operations on a magnetic medium using a magnetic head that 
is a tested product, and includes steps of: acquiring a GAPS profile by carrying 
out a GAPS test that measures a GAP offset amount for a same magnetic head 
that has been attached to the magnetic head tester; calculating a 50% position 
sensitivity in a vicinity of a position with 50% of a peak value in the acquired 
GAPS profile, moving the magnetic head to a 50% position in the GAPS profile, 
measuring an output level, moving the magnetic head to an arbitrary position, 
and moving the magnetic head back to the 50% position and remeasuring the 
output level; calculating a 50% position fluctuation amount from a fluctuation 
amount in the output level and the 50% position sensitivity; and setting a 
calculation result as an index of positional stability of the magnetic head. 
According to this method of evaluating, it is possible to correctly grasp and 
evaluate the positioning accuracy when a magnetic head moves for a seek 
operation. 

[Para 20] The method of evaluating the positioning accuracy of a 
magnetic head tester according to the present invention uses a GAPS profile 
obtained when testing a magnetic head to evaluate the positioning accuracy of 
the magnetic head tester itself, so that it is possible to easily and correctly 
evaluate the positioning accuracy of a magnetic head tester. According to this 
method of evaluating, it is possible to evaluate the accuracy of a magnetic 
head tester at any time, and so it is possible to test a magnetic head while 
monitoring whether the magnetic head tester itself can properly carry out tests 
on a magnetic head. This means that accurate and highly reliable tests of a 
magnetic head can be carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 21 ] The aforementioned and other objects and advantages of the 
present invention will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with reference to the 
accompanying drawings. 
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[Para 22] In the drawings: 

[Para 23] FIG. 1 is a blocl< diagram schematically showing the 
construction of a magnetic head tester that evaluates accuracy using a method 
of evaluating the positioning accuracy of a magnetic head tester according to 
the present invention; 

[Para 24] FIG. 2 is a flowchart showing a measuring process of the 
method of evaluating the positioning accuracy of a magnetic head tester 
according to the present invention; 

[Para 25] FIG. 3 is a diagram showing examples of GAPS profiles 
obtained by a measuring process according to the method of evaluating the 
positioning accuracy of a magnetic head tester according to the present 
invention; 

[Para 26] FIG. 4 is a diagram useful in explaining the method of 
calculating 50% position sensitivity; 

[Para 27] FIG. 5 is a flowchart showing the process for measuring 
positional stability; and 

[Para 28] FIG. 6 is a flowchart showing another process for measuring 
positional stability. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[Para 29] A method of evaluating positioning accuracy of a magnetic 
head tester according to the present invention is characterized by using 
measurement data produced when testing the performance of a magnetic head 
using a magnetic head tester as data for evaluating the positioning accuracy of 
the magnetic head tester itself. That is, in a magnetic head tester, tests are 
carried out to measure the offset (GAP offset) between the write head and the 
read head as one test item for a product, and the magnetic head tester is 
evaluated by using measurement data (a GAPS profile), generated when 
measuring the GAP offset, as evaluation data for evaluating the accuracy of the 
magnetic head tester. 
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[Para 30] Acquisition of a GAPS Profile 

[Para 31 ] FIG. 2 shows a process for acquiring a GAPS profile for 

measuring the positioning accuracy of a magnetic head tester according to the 
present invention. 

[Para 32] That is, first the magnetic disc driving mechanism 1 0 is driven 
so that the magnetic medium 1 2 starts to rotate (step 50), the magnetic head 
14 is attached to the head attaching mechanism 20 (step 51), and the 
magnetic head 14 is loaded at the test position using the load/unload 
mechanism 24 (step 52). 

[Para 33] Next, with the position at which the magnetic head 1 4 is 
loaded as the starting point, an erase process is carried out using the head 
driving mechanism 22 to erase a region from 5Mnri inside the starting point to 
5Mm outside the starting point (step 53). 

[Para 34] Next, a signal of an arbitrary frequency is written at the loaded 
position (starting point) using the write control circuit 1 6 (step 54). Next, the 
magnetic head 14 is moved with a pitch of 0.02|jm using the head driving 
mechanism 22 from the inner side towards the outer side, and the output level 
of each track from the read head is read using the level measuring circuit 1 8 
(step 55). By doing so, it is possible to obtain a single GAPS profile. 

[Para 35] Next, a GAP offset value is determined from a position at which 
the output level of the obtained GAPS profile reaches a peak value (step 56). A 
write core width is also determined from a distance in the obtained GAPS 
profile between positions on the inner side and the outer side at which the 
output level is 50% of the peak value (step 57). 

[Para 36] By doing so, after an offset value and a write core width have 
been obtained from the first GAPS profile, the process proceeds to a test that 
obtains a second GAPS profile. 

[Para 37] When obtaining the second GAPS profile, the magnetic head 14 
is temporarily unloaded from the loading position (step 58), and after the 
magnetic head 14 has been returned to a withdrawn position from a position 
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above the magnetic medium 12, tPie magnetic head 14 is undamped from the 
head attaching mechanism 20 (step 59). 

[Para 38] Next, the magnetic head 1 4 used in the above test is attached 
to the head attaching mechanism 20 once more by clamping (step 51), the 
magnetic head 14 is loaded to a predetermined position above the magnetic 
medium 1 2 (step 52), and a GAPS profile is obtained by carrying out steps 53 
to 57 in the same way as above. It should be noted that steps 53 to 57 
correspond to a CAPS test for detecting the CAP offset value of a magnetic 
head. 

[Para 39] In this way, the magnetic head 1 4 is repeatedly clamped to the 
head attaching mechanism 20 and a CAPS profile is acquired each time. The 
acquired number of GAPS profiles may be set at a sufficiently high number to 
estimate the positioning accuracy of the magnetic head tester. In the present 
embodiment, steps 51 to 59 are repeated 10 times and 10 CAPS profiles are 
acquired. It should be noted that these measurements can be automatically 
carried out by controlling the head driving mechanism 22, the load/unload 
mechanism 24 and the write control circuit 16, and the level measuring circuit 
1 8 and the like using the control unit 25. 

[Para 40] FIG. 3 shows examples of CAPS profile obtained by the process 
shown in FIG. 2. In FIG. 3, for ease of explanation, GAPS profiles obtained for 
the first to fifth measurements are shown. 

[Para 41 ] Regarding the Position Reproducibility of the Magnetic Head 

[Para 42] If the positioning accuracy of the magnetic head tester were 
perfect, the GAPS profile acquired in each of the measurements would have a 
matching pattern, but in reality, as shown in FIG. 3, the GAPS profile of each 
measurement is obtained as slightly displaced data. 

[Para 43] In FIG. 3, out of the obtained GAPS profiles, Al shows the 
maximum value of the GAP offset value and A2 the minimum GAP offset value. 
That is, it is possible to estimate a fluctuation amount of the GAP offset of the 
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magnetic head tester as shown below from the measurement data of the GAPS 
profiles shown in FIG. 3. 

[Para 44] GAP offset fluctuation amount = GAP offset maximum value 
(Al ) - GAP offset minimum value (A2) 

[Para 45] Since the same tester and the same magnetic head are used for 
these measurements, the GAP offset value should be obtained as a fixed value, 
but the fluctuations in the GAP offset value as shown in FIG. 3 show that there 
is some causes of displacement for the magnetic head tester itself. Such 
displacements are thought to be caused by loosening of screws, spindle 
fluctuations, differences in thermal expansion between the magnetic medium 
and the head suspension, displacements of the magnetic head attaching part, 
and the like. 

[Para 46] That is, by looking at the GAP offset fluctuation amount 
obtained from the measurement data of GAPS profiles, it is possible to 
evaluate the position (setting position) reproducibility of the magnetic head 
tester itself. In addition, since it is known that the GAP offset fluctuation 
amount needs to be a predetermined value or below for testing to be carried 
out with a desired accuracy, when testing a magnetic head, by confirming that 
positioning accuracy of a magnetic head tester is no greater than the required 
GAP offset fluctuation amount, it is possible to carry out proper tests. 

[Para 47] Regarding the Linearity Accuracy of the Moved Amount 

[Para 48] The write core width can be found as the difference (gap) 
between the inner position and the outer position where the output level of the 
GAPS profile reaches 50% of the peak value. In FIG. 3, out of the acquired 
GAPS profiles, Bl shows the maximum value of the write core width and B2 
shows the minimum value of the write core width. Accordingly, the fluctuation 
amount of the write core width of the present magnetic head tester can be 
estimated as shown below. 

[Para 49] write core width fluctuation amount = write core width 
maximum value (B1) - write core width minimum value (B2) 
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[Para 50] It is thought that the write core width fluctuates due to 
displacement that occurs when the output level is measured by the read head 
and/or due to non-linearity of the movement in pitch increments when the 
head driving mechanism 22 is pitch fed. That is, when the magnetic head is 
moved and the output level is measured, if the movement is not linear due to 
reasons such as the head driving mechanism 22 being damaged, the write core 
width will fluctuate. Accordingly, it is possible to estimate the linearity 
accuracy of the movement amount of the magnetic head tester from the 
fluctuation amount of the write core width. 

[Para 51] The linearity of this movement amount is also an index for 
evaluating the positioning accuracy of the magnetic head tester. That is, by 
confirming that the write core width fluctuation amount found from the GAPS 
profiles acquired in the measurement tests is no greater than a predetermined 
value, it is possible to ensure that the test results produced by a magnetic 
head tester for a magnetic head are reliable. 

[Para 52] Regarding Positional Stability 

[Para 53] The expression "positional stability" refers to the accuracy with 
which positioning of the magnetic head can be stably carried out without 
displacements from a predetermined position when the magnetic head has 
been moved to the predetermined position. 

[Para 54] In the present embodiment, the positional stability of a 
magnetic head was evaluated by focusing on a linear segment at a position 
where the output level of the GAPS profile obtained from the above 
measurements is at 50% of the peak level, and converting the change amount 
of the output level at this position to a position fluctuation amount. 

[Para 55] As shown by the point C in FIG. 3, the output level fluctuates in 
a linear manner in a vicinity of a position where the output level is 50% of the 
peak value in the GAPS profile. The sensitivity of these parts where the output 
level fluctuates linearly (the 50% position sensitivity) is defined by the following 
equation. 
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[Para 56] 50% position sensitivity = (tracl< position Y2 - tracl< position 
Yl ) / (output level X2 - output level XI ) 

[Para 57] FIG. 4 shows one example calculation of the 50% position 
sensitivity in the GAPS profile. The 50% position sensitivity is calculated for a 
suitable region in the vicinity of the C point. In the example GAPS profile 
illustrated in FIG. 4, XI = 1 86, X2 = 295, Yl = 2.51 8, and Y2 = 2.598, so that 
the 50% position sensitivity = (2.598 - 2.518) / (295-186)/ 1000000 (um/V). 
It should be noted that the 50% position sensitivity is smaller the larger the 
inclination of the GAPS profile, and larger the smaller the inclination of the 
GAPS profile. 

[Para 58] The measurement of the positional stability is carried out by 
positioning the magnetic head at the position (C point) in the GAPS profile 
where the output level reaches 50% or thereabouts of the peak value and 
measuring the output level while keeping the magnetic head at this position 
for a predetermined time. That is, since it is possible to calculate, the GAPS 
profile, the positional sensitivity at a position where the output level is 50% or 
thereabouts of the peak, by measuring how the output level fluctuates, it is 
possible to convert the fluctuation value in the output level into a displacement 
amount of the magnetic head. The positional fluctuation amount (50% 
position fluctuation amount) of the magnetic head can be found from the 
fluctuation value of the output level using the following equation. 

[Para 59] 50% position fluctuation amount = (maximum output level - 
minimum output level) x 50% position sensitivity 

[Para 60] It should be noted that the maximum output level in this 
equation is the maximum output level out of output levels measured during a 
predetermined period when the magnetic head has been placed at the C point 
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and the minimum output level is a minimum output level measured during this 
predetermined period. 

[Para 61] In the above equation, if the difference between the maximum 
output level and the minimum output level is small, there is little displacement 
of the magnetic head and the magnetic head is properly held at the 
predetermined position, which means that the magnetic head tester is capable 
of highly precise tests. On the other hand, if the difference between the 
maximum output level and the minimum output level is large, the magnetic 
head is susceptible to becoming displaced from the predetermined position, 
which means that the test accuracy of the magnetic head tester is low. In 
addition, when the 50% position sensitivity is high, the accuracy of the 
magnetic head tester is susceptible to falling due to displacements of the 
magnetic head, while when the 50% position sensitivity is low, the accuracy of 
the magnetic head tester is not susceptible to falling due to displacements of 
the magnetic head. 

[Para 62] FIGS. 5 and 6 show a process of measuring the positional 
stability of the magnetic head from level fluctuations at the 50% level position 
in a GAPS profile. FIG. 5 shows a normal mode measuring method for 
measuring the positional stability of the magnetic head. 

[Para 63] That is, first the magnetic disc driving mechanism 1 0 is driven 
so that the magnetic medium 1 2 starts to rotate (step 50), the magnetic head 
14 is attached to the head attaching mechanism 20 (step 51), and the 
magnetic head 14 is loaded at the test position (step 52). 

[Para 64] Next, a GAPS test is carried out (step 60), and the 50% position 
sensitivity is calculated (step 61). It should be noted that the expression "GAPS 
test" refers to the process in steps 53 to 57 in FIG. 2. By carrying out this 
GAPS test, a GAPS profile is acquired. In addition, it is possible to calculate the 
50% position sensitivity from the GAPS profile. 

[Para 65] Next, the magnetic head 14 is moved to a point (the C point) 
where the output level reaches 50% in the GAPS profile (step 62). After being 
moved to this C point, the magnetic head 14 is stopped at this position for 
twenty seconds, for example, and the output level is measured by the level 
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measuring circuit 1 8 at two-second intervals, for example during this stopped 
period (step 63). Next, the fluctuation amount at the 50% position of the 
magnetic head is calculated from the output level of the magnetic head 14 
obtained in step 63 (step 64). This calculation result of step 64 expresses the 
positional stability of the magnetic head tester. 

[Para 66] FIG. 6 shows a process for measuring the positional stability of 
the magnetic head in accordance with seek mode for the magnetic disc. The 
characteristic steps in this measuring process are calculating the 50% position 
sensitivity from the GAPS profile (step 61), moving the magnetic head 14 to 
the 50% position (step 62), measuring the output level at this position (step 
65), then moving the magnetic head 14 to an arbitrary position (step 66), 
moving the magnetic head 14 back to the 50% position (step 62), and 
measuring the output level once again. 

[Para 67] That is, in steps 62, 65, and 66, the operation that moves the 
magnetic head 14 from the 50% position to an arbitrary position corresponds 
to a seek operation of the magnetic head 14, so that it is measured whether 
the magnetic head 1 4 can properly return to the 50% position when a seek 
operation is carried out. 

[Para 68] In this way, the magnetic head 14 is moved, the output level is 
measured every time the magnetic head 14 has been moved, and the 
positional fluctuation amount for seek operations of the magnetic head is 
calculated from the maximum value and the minimum value of the output level 
(step 64). That is, the calculation result of step 64 shows the accuracy 
achieved when a seek operation is carried out using a magnetic head tester to 
test the characteristics of the magnetic head. 

[Para 69] According to the measuring processes shown in FIGS. 5 and 6, 
it is possible to evaluate the accuracy with which a magnetic head tester can 
stably position a magnetic head at a predetermined position without 
displacement when the magnetic head has been moved to the predetermined 
position. 

[Para 70] It should be noted that the embodiment described above 
describes a method for evaluating displacement when the magnetic head 14 
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has been positioned at a specified position on a magnetic medium 1 2. TPiis 
evaluation metliod can be adopted regardless of the position at which the 
magnetic head 14 is located on the magnetic medium 1 2, and by changing the 
positioning location of the magnetic head 14 on the magnetic medium 12, it is 
possible to evaluate the accuracy at a suitable position. 

[Para 71 ] As described above, by using this method of evaluating 
positioning accuracy for a magnetic head tester according to the present 
invention, it is possible to correctly evaluate the measurement accuracy of a 
magnetic head tester, with it being possible to use a magnetic head tester 
based on the evaluation result thereof. With the method according to the 
present invention, since it is possible to use a CAPS profile actually acquired by 
a magnetic head tester as evaluation data, it is possible to carry out evaluation 
in a state that includes the causes of mechanical errors and the like that are 
involved in a CAPS test, so that this method can be favorably used to evaluate 
accuracy relating to tests of a magnetic head. 

[Para 72] Also, since it is possible to use a test operation that tests a 
magnetic head using a magnetic head tester to evaluate the magnetic head 
tester itself, there is the advantage that it is easy to evaluate and monitor the 
magnetic head tester at any time, such as at the start or during a test. 
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